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Gentlemen: 

This second rd*annurr% progress report 
descr$bes the work accomplished under: G r a n t  No, 
XsG 658 from Aovember 15, 1964 through May 15, 1965. 

As Lndiceted in this report, activities 
during this mid-school year period were at a lower 
level *an during the previous perm. Nevertheless 
one technical report was aomplctbd and p o d  progresc 
waa made oat the construction of 8ame "infotlPattc" 
recording equipment 

Sincerely, 

John C. Bellamy, DIrector 



O r b i t a l  Operations Study 

Grant No. NsG-658 

Second Semi-Annual Progress Report 

November 15, 1964 - May 14, 1965 

1. Purpose 

In  review of our "Plan of Study - Technical Progress Report No. 1" 

the purpose of t h i s  O r b i t a l  Operations Study is  "To he lp  e s t a b l i s h  more 

productively e f f e c t i v e  ways of cont ro l l ing  o r b i t a l  operations." 

t h i s  he lp  is  t o  be provided i n  the  form of Informatic Data Research whose 

goal is: 

Spec i f i ca l ly ,  

"To e s t a b l i s h  the  p r inc ip l e s  and p rac t i ces  of u t i l i z i n g  newly poss ib le  

i n f o m a t i c  ways of represent ing la rge  sequences of numbers as 
concise complete "pictures" o r  por t raya ls  of - information which can be acquired, processed, recorded and 
reprocessed i n  numerical d e t a i l  onlv with appropriate  

automatic equipments i n  appropriately organized la rge  scale 
operat ions .'I 

2.  Personnel 

The following personnel were involved i n  t h i s  research on a pa r t -  

t i m e  b a s i s  ( i n  addi t ion  t o  t h e i r  class-room d u t i e s )  during t h i s  semi-annual 

period. Charges aga ins t  t h i s  gran t  were made only f o r  the f u l l  t i m e  se rv ices  

of those marked with Jh and f o r  the  pa r t  t i m e  s e rv i ces  of those marked with*. 

* John C. Bellamy, Director ,  Profeesor of C i v i l  Engineering 

* Willis L. Evere t t ,  Associate Professor  (Research) 
R. Kenneth Beach, Professor of E l e c t r i c a l  Engineering 

Richard J. J i a c o l e t t i ,  Assis tant  Professor of Mechanical Engineering 
C.  Norman Rhodine, Assis tant  Professor of E l e c t r i c a l  Engineering 
Donald L. Veal, Assis tant  Professor of C i v i l  Engineering 

** Dennis J. Knowlton, In s t ruc to r  (Research) 
** Dennis PI. Kiser, Ins t ruc to r  (Research) 

Graduate Resear&-Assistants:  

A. L. Riemenschneider, In s t ruc to r  of E l e c t r i c a l  Engineering 

L t .  Rudolph P. Arnold (H.E.) * David F je ld  (Math) 
* Larry D. Baccari  (C.E.) * Roland H. Lamberson (Physics) 
* James E. Cady (E.E.) * Ronald A. S t ah la  (E.E.) 
* %wn.?B c ,  Eneign (Physics) * James W. S tugar t  (E.E.) 

1 



3. Reports 

The at tached technica l  r epor t  "Proposed Naut ical  Units of Lengtn 

and Time," w a s  completed and published as a mimeographed Infornat ion Circu- 

lar No. 28 of the  NRRI during t h i s  pe r iod .  Several  copies  of t h i s  r e p o r t  

were forwarded i n  t h i s  form t o  the Control Center Research of the Goddard 

Space F l i g h t  Center and t o  the  OGO Office of  NASA Headquarters f o r  review 

concerning publ ica t ion  by NASA. (This repor t  was subsequently de l ivered  

a t  the  na t iona l  meeting of t he  I n s t i t u t e  of Navigation i n  Long Beach on 

June 21, 1965; it re su l t ed  i n  the  establishment of an ad-hoc committee on 

"Operational Units of Length and Time" of t he  I n s t i t u t e  of Navigation; and 

it has been accepted f o r  publishing i n  "Navigation."). 

Br ie f ly ,  one of the  most important a spec t s  of portraying physical  

occurrences i n  terms of numerical q u a n t i t i e s  is the  s e l e c t i o n  and use of 

appropriate  u n i t s  of ,  e spec ia l ly ,  length and time f o r  the  problem a t  hand. 

I n  the  case  of O r b i t a l  Operations, most of the  physical  quan t i t i e s  of i n t e r e s t  

are d i r e c t l y  assoc ia ted  with the  shape and s i z e  of the  p lane t  Earth. 

quent ly  it i s  des i r ab le  (or even necessary) t o  formulate numerical po r t r aya l s  

i n  terms of numbers of u n i t s  of length and time which a r e  

of the  s i z e  and r a t e  of r o t a t i o n  of the Earth.  Although the  meter and 

ephemeris u n i t s  of time have been so defined, t h e i r  u t i l i t y  f o r  o r b i t a l  

opera t ions  i s  se r ious ly  l imi ted  since (1) sexagesimally ( r a the r  than 

decimally) r e l a t e d  u n i t s  of angle and time a r e  i n  common use and (2) r a t e s  

of r o t a t i o n  with respec t  t o  the stars ( r a t h e r  than the  Sun) a re  of most 

d i r e c t  o r b i t a l  i n t e r e s t .  

Conse- 

c h a r a c t e r i s t i c  

A s  described i n  d e t a i l  i n  t h e  a t tached  r epor t ,  these shortcomings 

f o r  o r b i t a l  opera t ions  can apparent ly  be overcome by u t i l i z i n g  a sexagesi- 

mally r e l a t e d  s e t  of "circumferent ia l"  u n i t s  of length based upon the  cu r ren t  

d e f i n i t i o n  of t he  In t e rna t iona l  Nautical  Mile (of 1.852 meters). 

and of s p e c i a l  importance t o  O r b i t a l  Operations,  r a d i a l  pos i t ions  ou t s ide  

of t he  t h i n  s h e l l  biosphere of previous human experience could w e l l  be 

evaluated i n  terms of a "nau t i ca l  rad" def ined t o  be the  commensurate 

counterpar t ,  3,437.75, of the 21,600 n a u t i c a l  m i l e  nominal circumference. 

I n  addi t ion ,  

Of the  Earth divided by 21.r . 
defined t o  be the  ra t io  365.25/366.25 smaller  than t h e i r  "ephemeris" 

homonyms, could w e l l  be u t i l i z e d  as being nominally representa t ive  of 

Ear th ' s  rate of r o t a t i o n  with respect t o  both t h e  f ixed  stars and the  

Equinox. 

Similar ly ,  a set of "nautical" u n i t s  of 
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4. Seminar 

Another important aspect  of portraying the  occurrence of th ings  

of importance t o  O r b i t a l  Operations i s  to  select and u t i l i z e  po r t r aya l  

techniques which c l e a r l y  r e f l e c t  the r e l a t ionsh ips  among the  many kinds 

of physical  va r i ab le s  involved. Toward t h i s  end, a c r i t i c a l  "Survey of 

the  State of t h e  Earth Centered Region of Space" w a s  i n i t i a t e d  i n  February. 

I ts  goal i s  "To i s o l a t e  and i d e n t i f y  the fundamental p rope r t i e s  which best 

cha rac t e r i ze  the  physical  states of t h i s  region,  with a t t e n t i o n  focused on 

the  problem of f ind ing  por t raya l  techniques which w i l l  f a c i l i t a t e  maximum 

use of the  s c i e n t i f i c  information ava i lab le  . ' I  

This survey has been conducted pr imari ly  by D r .  Everett and 

M r .  Lamberson, with a c r i t i c a l  cons t ruc t ive  review being provided i n  a 

weekly seminar a t tended on the  average by about e i g h t  i n t e re s t ed  personnel 

through the  Spring Semester. The i n i t i a l  o u t l i n e  f o r  t op ic s  of d i scuss ion  

f o r  t h i s  seminar is: 

I. Proper t ies  of the  Earth 
A. Gravi ta t ion  F ie ld  
B. Magnetic F ie ld  
C. Upper Atmosphere 
D . Ionisphere 
E. Van Allen Be l t s  

11. Proper t ies  of the  Sun 
A. Photosphere 
B. Chromosphere 
C. Sunspots 
D . Prominences 
E. Filaments 
F. F l a r e s  
G. Magnetic F ie ld  
H. Radiat ion 

111. Prope r t i e s  of I n t e r s t e l l a r  Space 
A. In te rp lane tory  Gas and Radiat ions 
B. In te rp lane tory  Magnetic F i e l d s  
C . Accelerat ion Mechanisms 

I V .  I n t e r a c t i o n  between the Sun and the  Earth 
A. Ionisphere 
B. Van Allen Belts. 
C. F luc tua t ing  Magnetic F ie ld  of Earth 

V. I n t e r a c t i o n  between the Earth and I n t e r s t e l l a r  Space 
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5, - Other Progress 

Work a l s o  proceeded on each of the  research areas mentioned in 

our F i r s t  Semi-Annual Progress Report, namely on: 

The novel concepts of 
"Gravispheres and Pyrospheres , I '  

"Triadic Digits," and 
"Uadic Numerals'' ; 

* The construct ion of a "Tabular-Converter-Recording Buffer"; and 

Computer programming. 

During t h i s  r epor t ing  period, t he  i n i t i a l  construct ion and i n i t i a l  

u se - t e s t s  of t he  "Tabular Converter Recording Buffer" were completed, and 

good progress w a s  made toward so l id i fy ing  the  foregoing novel concepts. 

progress was slowed t o  an unexpected degree, however, by greater-than- 

a n t i c i p a t e d  problems associated with the s u b s t i t u t i o n  of t h e  Philco 211 

computer f o r  those computers previously ava i l ab le  i n  t h e  University Computer 

Center . 

A l l  

I n  addi t ion,  t h e  following three k inds  of recording equipment 

which should be s u i t a b l e  f o r  recording the  informatic  kinds of numerals were 

acquired during t h i s  report ing period. 

One Alden 60-stylus Str ip-chart  Recorder (Purchased with grant  funds) 

One 640-stylus Radition Incorporated "Radicorder" 

One Alden (Helical) Facsimile Transmitter-Receiver System 

System (Provided by NASA) 

(Provided by NASA) 

Required modifications of t he  Alden 60-Stylus Recorder were a l s o  wel l  started 

during t h i s  period. 
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Plans f o r  the Next Period 6 ,  ---- 
Although the  press  of teaching du t i e s  during t h i s  period pre- 

cluded t h e  completion of more than one repor t ,  progress was made toward 

the  completion - i n  a l l  l ike l ihood during the  next  repor t ing  period - of 

r e p o r t s  on: 

"Magnetic-Hydrodynamic Relationships i n  the  F-Region of the Ionosphere" 

by Everett and Lamberson 

"Cef i n i t i o n  and Charac te r i s i t c s  of Gravispheres" by Ensign and Bellamy 

"Triadic  Decimal Digits" by J i a c o l e t t i  and Veal 

"A Triad ic  Decimal Dig i t  Printer-Reader Unit - Preliminary Design 

Considerationstt  by Rhodine and others.  

"A Tabular Conversion Systemtt by Rhodine and o t h e r s  

"Informatic Por t raya ls  of Posi t ional  Data" by Veal and Fjeld.  


